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Objective: To investigate the larvicidal activity of Syzygium guineense (Myrtaceae)
(S. guineense), Monodora myristica and Zanthoxylum heitzii (Rutaceae) (Z. heitzii) ex-
tracts against Aedes albopictus (Ae. albopictus).
Methods: The larvicidal activity of the hydro-ethanolic extracts from these plant species
was assessed at three different concentrations (50, 100 and 200 mg/L) on ﬁrst-instar of
Ae. albopictus larvae in comparison with untreated controls. Mortality rate was recorded
daily for a period of 12 days. The values of LC50 and lethal time killing 50% of the tested
individuals (LT50) were calculated using the log-probit analysis.
Results: The root extract of S. guineense exhibited the best activity with 100% mortality
after 8 days of treatment at 200 mg/L, followed by the fruit extract of Z. heitzii with
83.33% mortality at the same concentration. Nonetheless, larvae were most susceptible to
the fruit extract of Z. heitzii both in terms of LC50 (39.89 mg/L) and LT50 (145.68 h). A
statistically signiﬁcant difference between the control and the group treated at 200 mg/L
was noticed in all the extracts.
Conclusions: The present study shows that the hydro-ethanolic extracts of S. guineense,
Monodora myristica and Z. heitzii tested have signiﬁcant larvicidal activity. These pre-
liminary results are of great interest and some of these plant species can be proposed for
the formulation of new bioinsecticides to control Ae. albopictus populations.1. Introduction
Mosquitoes are known vectors of several disease-causing
pathogens. Aedes albopictus (Ae. albopictus) (Diptera: Culici-
dae) is known as a mosquito species with an invasive behavior
and a competent vector of various viruses highly dangerous to
human health [1]. It is just second to Aedes aegypti as vector of
dengue fever which is endemic in large areas of Africa,America and South East Asia [2,3]. Moreover, Ae. albopictus
has gained the position of the most important public health
vector species in Southern Europe. In fact, it was responsible
for the recent occurrence of autochthonous epidemics of
chikungunya and dengue viruses in this region [4]. Today, about
two ﬁfths of the world's population are at risk of dengue with
cases reported in more than 100 countries [4]. Increased
urbanization, migration, poor environmental sanitation, low
investment in prevention and community participation and
persistent use of control methods having limited efﬁcacy are
some of the major causes of emergence and re-emergence of
vector-borne diseases in developing countries [5]. At present,
since there are no effective vaccines against dengue and
chikungunya [6], the most recommended strategy to interrupt
pathogen transmission cycles relies on control strategies
focusing on the mosquito vectors.article under the CC BY-NC-ND license (http://
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synthetic insecticides usually considered as the ﬁrst line of
action owing to their quick action. However, repeated appli-
cation of chemical control often results in an unintended arti-
ﬁcial selection of resistant mutants within the vector
population [5,7]. In addition, many cases of lethal and sublethal
pesticide poisoning of humans have occurred [8]. Besides
leading to a constant increase in the cost of application due
to development of genetic resistance, the continuous use of
synthetic insecticides also causes ecological imbalance
manifested by pollution of the environment and destruction
of non-target organisms [9].
In addition to the different approaches proposed for adult
mosquito control [10], developing an efﬁcient strategy targeting
larval stage is considered a key objective as part of the
integrated mosquito management [11].
Plants may be an alternative source of agents for the eco-
sustainable control of mosquitoes at the larval stages. The use
of plant extracts has several appealing features since they are
less hazardous, safer for non-target organisms, rich in bioactive
chemicals, and biodegradable [12–15]. In the last two decades, a
great attention has been given by scientists on the larvicidal
properties of plant extracts and essential oils [16], but very few
studies have been carried out on Ae. albopictus over a long
period of treatment [17–20].
Syzygium guineense (Wild.) (S. guineense) is widely distrib-
uted in tropical regions and is used in African traditional medi-
cine. This plant is used to treat epilepsy, stomachache, diarrhea,
malaria, coughs, broken bones, wounds, asthma, sore throat,
intercostal pain and as a tonic. The powdered bark is used as an
antispasmodic, purgative [21]. The antibacterial properties of
the aqueous extract of S. guineense have been demonstrated
against different strains of bacteria responsible for diarrhea [22].
Ethanol extracts of the stem barks of S. guineense showed
molluscicidal activities and cardiovascular properties, mainly
due to the reduction of blood pressure [23]. Antibacterial
activity of triterpenes isolated from S. guineense has been
demonstrated [24]. Other biological properties such as anti-
inﬂammatory, analgesic and immunological activities of
different parts of S. guineense have been reported [25]. The
chemical composition of essential oil from S. guineense was
also investigated [26]. A recent study demonstrated that leaves,
stem barks and roots of S. guineense had antioxidant properties
and were rich in polyphenols [27].
Zanthoxylum heitzii (Aubre´v. & Pellegr.) (Z. heitzii) is one of
the cultivar of Fagara zanthoxyloides found in the West region
of Cameroon. Its fruit is used as a spice for the preparation of
“nkui” and “Nah poh”, two traditional dishes of Cameroon
[28]. It is also used as medicinal plant in Central Africa for
the treatment of many diseases such as cancer, syphilis,
malaria and other urogenital infections [29]. The bark of
Z. heitzii is used as insecticides and revealed some activities
against cardiac infections [30,31]. Fagaricine, an aqueous
extract formulation from root of Z. heitzii, was demonstrated
as an immune-restorative phytomedicine to treat immunodeﬁ-
ciency as well as an effective antioxidant and in vitro
antisickling agent [32,33]. A recent study demonstrated that
fruit and bark extracts of Zanthoxylum induced mitochondrial
apoptosis and G0/G1 phase arrest in human leukemia HL-60
cells [34].
Several molecules were isolated from the stem bark of
Z. heitzii. Among them, two amides (heitziamide A andheitziamide B) and two phenylethanoids (heitziethanoid A and
heitziethanoid B) and trans-fagaramide, arnottianamide, iso-g
fagarine, iso-skimmianine, arctigenin methyl ether, savinin,
(+)-eudesmin, (+)-sesamin, lupeol, lupeone, b-sitosterol, stig-
masterol and stigmasterol-3-O-b-D-glucopyranoside [35].
Monodora myristica (Dunal) (M. myristica) is widely used
especially to relieve toothache as well as in the treatment of
dysentery. When roasted and ground, the seeds are rubbed on
the skin for skin diseases [36].
Despite the important biological properties described, these
plants have never been investigated as potential source of lar-
vicidal molecules effective against mosquitoes. The objective of
this study was to evaluate the insecticide effectiveness of the
Cameroonian species S. guineense, M. myristica and Z. heitzii
against Ae. albopictus larvae.
2. Materials and methods
2.1. Plant material and extract preparation
S. guineense, Z. hertzii and M. myristica were collected
respectively in Baﬁa (centre region), Bachingou (west region)
and Mount Kalla (centre region), identiﬁed at the National
Herbarium of Cameroon by Mr. NANA and referenced under
the following numbers: S. guineense (roots and leaves) (20899/
SRF/Cam), Z. heitzii (fruits, leaves and barks) (1441/SRF) and
M. myristica (fruit) (27690/SRF/Cam). The collected plant ma-
terials were air-dried and ground into ﬁne powder. One hundred
grams of each powder was macerated in 1 L of aqueous–etha-
nolic mixture 70:30 (v/v) for 72 h at room temperature and the
obtained solution was ﬁltered with Whatman No. 1 ﬁlter paper.
The residue was further macerated twice under the same con-
ditions. The ﬁltrates obtained from each extraction were mixed
and concentrated under vacuum. The obtained extracts were kept
at 4 C until use.
2.2. Ae. albopictus rearing
Ae. albopictus colony were derived from individuals
collected in Central Italy and reared at the Laboratory of
Sustainable Management of the Agro-ecosystems of Italian
National Agency for New Technologies, Energy and Sus-
tainable Economic Development (ENEA; Rome, Italy). Col-
onies were maintained in the laboratory under standard
conditions at (27 ± 1) C; (75 ± 10)% relative humidity, and
with a 14:10 h photoperiod. Larvae were reared at a density of
one larva per 5 mL water, in plastic trays containing dech-
lorinated water, provided with an aeration tube and supple-
mented with a powder obtained by crushing dry cat food
(Friskies® adults). Adults were maintained in rearing cages
(40 cm × 40 cm × 40 cm) and offered 10% sucrose. Females
were provided with fresh deﬁbrinated bovine blood using a
thermostatic apparatus [37]. Eggs were oviposited on paper
towels in cups partially ﬁlled with water. Strips of towel
paper were submerged in a hatching broth for 5 h to obtain
the ﬁrst-instar larvae.
2.3. Larvicidal bioassay
Each crude extract was tested at 200, 100 and 50 mg/L by
mixing 20 ﬁrst instar Ae. albopictus in 25 mL of each mixture of
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acetone solution because this solution had been used to dissolve
the extract. Larvae were fed at regular intervals of 24 h. Each
container was daily monitored for larval mortality over a period
of 12 days. The experiment was replicated three times and the
mean of one triplicate was recorded in this study.
2.4. Statistical analysis
Kruskal–Wallis non parametric test (P < 0.05) followed by a
post hoc Dunnett C was used for testing the larvicidal activity of
each extract at various concentrations and times of exposure.
Log-probit regression analysis was used to determine LC50 and
lethal time (LT50) killing 50% of the tested individuals. The
interaction between concentration and time was studied using
the Univariate General Linear Model test and Fisher test. Ana-
lyses were performed using the Statistical Software SPSS
version 16 for Windows.
3. Results
Larval mortality varied with the extract concentration, the
plant part and the time of exposure. In comparison with the
control, all of the tested extracts were active against Ae.
albopictus larvae but showed different levels of toxicity.
Figure 1 present the percentages of mortality induced by each
tested extract depending on the exposure time and concentra-
tion. Among the extracts (Figure 1A,E and F), signiﬁcant dif-
ferences (P < 0.05) were observed from 192 h (8th day) when100
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Figure 1. Mortality induced by different plant extracts on Ae. albopictus larva
A: S. guineense root extract; B: S. guineense leaf extract; C: Z. heitzii fruit extr
extract. Kruskal–Wallis non parametric test (P < 0.05) was used for testing th
exposure followed by a post hoc Dunnett C test. *: Signiﬁcant difference (P < 0
Univariate General Linear Model test and Fisher test were used for the interacusing the following extracts: roots and leaves of S. guineense,
barks of Z. heitzii and leaves of M. myristica (Kruskal–Wallis
analysis with Dunnett C as post hoc). The percentages of
mortality were signiﬁcantly different (P < 0.05) when the time
of exposure of the larvae to the extracts reached 192 h, 240 h
and 288 h. A statistically signiﬁcant difference was always
found between control and the extracts at 200 mg/L concen-
tration. Moreover, only the root extract of S. guineense showed
a statistically signiﬁcant difference of induced mortality when
comparing 50 and 200 mg/L concentrations (Figure 1A).
Overall, the root extract of S. guineense was the most potent as
it induced 100% mortality at 200 mg/L within the 8th day of
exposure (Figure 1A), followed by the bark extract of Z. heitzii
(Figure 1E) inducing 83.33% mortality at the same concen-
tration. In general, all of the tested extracts exhibited a strong
signiﬁcant correlation (P < 0.001) with a coefﬁcient higher
than 0.90. The plots resulting from the Univariate General
Linear Model test checking the effect of the interaction of time
and concentration on the percentage of induced mortality are
also shown in Figure 1. Since this kind of diagrams generally
inform about the progression due to the interaction, they may
show two forms of lines, parallel or non parallel, which indi-
cate a signiﬁcant or not signiﬁcant interaction respectively.
Then, we can assume that between 144 h and 192 h, the
interaction could be signiﬁcant with all the tested extracts. This
was conﬁrmed by Fisher test that showed a signiﬁcant differ-
ence between 144 h and 192 h with high coefﬁcients with
respect to root and leaf extracts of S. guineense (Fisher: 9.54,
0.01; 10.80, 0.01), fruit, leaf and bark extract of Z. heitzii100
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act; D: Z. heitzii leaf extract; E: Z. heitzii bark extract; F: M. myristica fruit
e larvicidal activity of each extract at various concentrations and times of
.05) of means at 200 mg/L compared to the control from 192 h up to 288 h.
tion between concentration and time.
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M. myristica (Fisher: 11.34, 0.01).
LT50 values were calculated at different concentrations.
Among all the tested extracts, the fruit extract of Z. heitzii had
the lowest LT50 value of 145.68 h at the highest concentration
(200 mg/L) followed by the root extract of S. guineense with a
LT50 of 192.00 h at the same concentration (Table 1). Generally,
the results showed that the higher the concentration of the extract
the lesser the exhibited LT50. Similar results were observed with
the LC50. Longer time of exposure led to lesser LC50 values.
Regarding the LC50 value, the fruit extract of Z. heitzii showed
the lowest LC50 value among all the tested extracts (Table 2).
This extract exerted the best larvicidal activity among all the
tested extracts with LC50 values of 47.94, 44.50 and 39.89 mg/L,
at 192, 240 and 288 h respectively. Second to this extract was
the root extract of S. guineense.Table 1
LT50 values calculated for the tested plant extracts at three different
concentrations based on the log-probit regression analysis.
Extracts Concentration (mg/L) LT50 (h)
S. guineense (root) 50 –
100 200.00
200 192.00
S. guineense (leaf) 50 –
100 242.74
200 235.75
Z. heitzii (bark) 50 930.00
100 927.00
200 222.00
Z. heitzii (leaf) 50 410.00
100 409.00
200 265.00
Z. heiztii (fruit) 50 –
100 177.57
200 145.68
M. myristica (fruit) 50 –
100 –
200 –
–: Evaluation not possible.
Table 2
LC50 values calculated for the tested plant extracts at three different time
based on the log-probit regression analysis.
Extracts Time of exposure (h) LC50 (mg/L)
S. guineense (roots) 192 66.80
240 66.80
288 66.80
S. guineense (leaves) 192 –
240 274.74
288 214.08
Z. heitzii (roots) 192 229.00
240 266.00
288 114.00
Z. heitzii (leaves) 192 288.00
240 288.00
288 139.84
Z. heitzii (fruits) 192 47.94
240 44.50
288 39.89
M. myristica (fruit) 192 113.93
240 113.93
288 110.92
–: Evaluation not possible.4. Discussion
The interest in developing pesticides of natural origin has
increased during recent years because of the drawback of syn-
thetic chemical pesticides, such as the impact on environment
and the toxicity to non target organisms including humans and
due to the development of resistance in targeted insect pop-
ulations. Speciﬁcally, the possibility to exploit available low cost
and renewable raw material, like wastes, for a possible indi-
vidual use in urban area against mosquito vectors may lead to
develop promising control strategies especially in developing
countries [38]. Several plant extracts have been reported to be
biologically active against insect pests [39,40]. Herein, the
larvicidal activity of some Cameroonian plant extracts (roots
and leaves of S. guineense, barks of Z. heitzii and leaves of
M. myristica) against Ae. albopictus has been investigated.
The larvicidal efﬁcacy of the tested extracts was dose
dependent. The biological activity of the plant extracts is
generally known to be due to the presence of various bioactive
phytomolecules present in the plant, including alkaloids, terpe-
noids, and phenolics [41]. However, the difference in toxicity
expressed by the different plant species and parts may be due
to the quantitative and qualitative variation in the chemical
composition of the plant extracts. S. guineense induced full
mortality (100%) of Ae. albopictus larvae within 8 days of
exposure at 200 mg/L. A study conducted on the sheep ked
parasite using the same extract reported about 47% mortality
within 24 h of exposure [39].
The mortality depends on time of exposure, plant species and
chemical composition. The variation in chemical composition
could explain the differences in LC50 and LT50 values since the
higher the concentration, the lesser the LT50, according to the
extract and the part of the plant used. Likewise, in general, the
higher the time of exposure the lesser the LC50. The fruit extract
of Z. heitzii, exerted the best larvicidal activity among all the
tested extracts with LC50 values of 47.94, 44.50 and 39.89 mg/L
at 192 h (6th day), 240 h (10th day) and 288 h (12th day)
respectively, followed by the root extract of S. guineense. The
variation of LC50 and LT50 values could be due to differences in
the levels of toxicity of the speciﬁc insecticidal components in
each plant extract. However, only the isolation and identiﬁcation
of the pure molecules exerting the larvicidal activity may allow
evaluating more thoroughly these differences.
Various plant extracts have been tested as potential mosquito
larvicides [42,43]. The larvicidal and repellent effects of Albizzia
amara and Ocimum basilicum against Aedes aegypti at different
concentrations were assessed. The petroleum ether extract of
Ageratum conyzoides leaves exhibited larvicidal activity with a
LC50 value of 425.60 and 267.90 mg/L after 24 and 48 h of
exposure, respectively [44]. Compared to the above results, the
present study revealed low values of LC50 between 192 h and
288 h of exposure. Similarly, another study reported the
larvicidal effects of a neem cake methanol extract against Ae.
albopictus larvae exposed to 50 and 100 mg/L for 20 days
[20]. Different fractions of increasing polarity were also
successfully tested by the same authors following the method
described by Nicoletti et al. [45] and showing a signiﬁcant
larvicidal activity against the Ae. albopictus. Moreover,
according to works of Bilal et al. [46] on the larvicidal activity
of selected plant extracts against Ae. albopictus, all the
extracts showed moderate larvicidal activity. The lowest LC50
was found in Coriandrum sativum, Nigella sativa and
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respectively, after 24 h exposure, while the amount of extracts
used reduced to 263.9, 300.8 and 342.2 mg/L, respectively,
after 48 h. In terms of lethal time response again Coriandrum
sativum, Nigella sativa and Syzygium aromaticum showed less
time to produce 50% mortality (14.28, 17.77 and 17.99 h).
Yadav et al. [47] identiﬁed two plant species Vernonia cinerea
and Prosopis juliﬂora as potential larvicide against Ae.
albopictus.
The mode of action of most of the plant extracts on mosquito
larvae is still unknown. As an example, a previous research
documented that phytochemicals could interfere with the proper
functioning of the mitochondria particularly at the proton
transferring site [48]. Some bioactive molecules of plant extracts
have been found to primarily affect the mid-gut epithelial sur-
face and secondarily the gastric caeca and the Malpighian tu-
bules of the mosquito larvae [49].
Among the tested plant extracts, the 30% ethanol extracts of
Z. heitzii (fruits in particular) and S. guineense (roots and leaves)
demonstrated remarkable larvicidal activity against Ae. albo-
pictus. These plants extracts are therefore promising as alterna-
tives to synthetic insecticides in mosquito control programs, thus
providing the basis to use the plant extracts against Ae.
albopictus.
Future steps in the validation of these extracts as possible raw
materials for the development of a new domestic insecticide will
be the use of two to fourth instar larvae, the study of the
physiological effects on the larvae, the determination of the
chemical composition of the most effective extracts, the isolation
of the most active fractions to possibly identify the molecules
inducing the observed larvicidal effect and histopathological
studies proving how the active substance act on the targeted
hosts.
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